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This paper proposes two new indices of relative deprivation, derived from an extension of the concept of the generalized Gini for the measurement of distributional change. Population-and income-weighted relative deprivation indices are then defined and, using panel data from the Consortium of Household Panels for European Socio-Economic Research, this paper checks which of the various ways of defining individual deprivation best fits the answers given by individuals This paper is a product of the Economic Policy, Poverty and Gender Unit, Middle East and North Africa Region. It is part of a larger effort by the World Bank to provide open access to its research and make a contribution to development policy discussions around the world. Policy Research Working Papers are also posted on the Web at http://econ.worldbank.org. The author may be contacted at pverme@worldbank.org.
on the degree of their satisfaction with income. The analysis finds that the deprivation indices proposed are consistently and negatively correlated with income satisfaction as reported by respondents, that income weighted measures fit better than population weighted measures, and that this fit improves with countries that experienced deep institutional changes such as the transitional economies of Eastern Europe.
I) Introduction
Sociologists have for a long time made the assumption that individuals are concerned about their relative status. Such an emphasis may be found in the writings of Karl Marx who wrote that "our desires and pleasures spring from society, we measure them therefore by society and not by the objects which serve for their satisfaction. Because they are of a social nature they are of a relative nature"
1 . This idea of relative concern is also at the basis of the concept of relative deprivation which was introduced originally by Stouffer et al. (1949) and systematized by Runciman (1966) who also stressed the importance of reference groups. He argued that there does not seem to be a strong correlation between the level of "class-political discontent" and objective indicators of material deprivation so that this discontent is rather related to the gap which exists between one's economic and social conditions and the perceived conditions of some reference group.
Economists have also quite a long tradition of including relative income or status in models of utility maximization but for many years those taking such a point of view were the exception. Duesenberry (1949) , for example, assumed that individuals have a desire for self-esteem and as a consequence they tend to imitate the consumption patterns of those who have a higher socioeconomic status. Similar ideas may be found in the works of Hirsch (1976) who coined the term "positional goods", Frank (1985) and in numerous papers analyzing in recent years the determinants of happiness (e.g., Blanchflower and Oswald, 2004 , Clark, 2003 , Ferrer-i-Carbonell, 2005 . More recently Hopkins (2008) in a paper on happiness and relative concerns argued that there are at least three reasons why concern for relative position seems to be so deeply rooted in human behavior. His first explanation, which he calls the "rivalry story", stresses the fact that, in ancient times, men who were successful (e.g. in hunting) would use their 3 prestige and assets to dominate their companions, in particular in having priority in access to women. The second explanation seems to have been suggested by Samuelson (2004) and Rayo and Becker (2007) and was called the "information story" by Hopkins.
Here the idea is that the conduct of individuals who are successful will be imitated. In other words "evolutionary selection has given you concerns about others in order to
give you an incentive to gather useful information about potentially profitable activities" (Hopkins, 2008) . Finally a third explanation, labeled the "perception story"
by Hopkins, stresses the fact that in the same way as our evaluation of the taste of a given orange depends on the overall distribution of the taste of oranges, our satisfaction with a specific income depends on the overall distribution of incomes.
The importance of relative income is also stressed in another field of the economic literature, that dealing with inequality and relative deprivation. Borrowing the basic ideas of Runciman, but assuming that the reference group is the group of richer individuals, Yitzhaki (1979) showed the link that exists between the concept of relative deprivation and the Gini index. Additional contributions stressing similar ideas may be found in Hey and Lambert (1980) , Yitzhaki (1982) , Kakwani (1984) and Berrebi and Silber (1985) . It must however be acknowledged that most of these works did not pay too much attention to the definition of the reference group. Studies that belong to the happiness literature gave somehow greater attention to this concept (see, Ferrer-iCarbonell, 2005) but it was only very recently that specific proposals have been made to attempt to define the reference group of individuals (see, Bossert and D'Ambrosio, 2006; Kuegler, 2009; Verme and Izem, 2008 , Verme, 2010 , van Praag, 2010 .
The purpose of the present paper is first to show how ideas that have appeared in the literature on income inequality measurement may be used to define reference groups and derive measures of relative deprivation. Then, using data on individual satisfaction, we try to find out which of these definitions of relative deprivation best fits the 4 subjective evaluation of one's own satisfaction. Such empirical tests are based on several European panel data that have been gathered in the database called Consortium of Household Panels for European Socio-Economic Research (CHER).
II) The Concept of Generalized Gini index and the Measurement of Relative Deprivation
Assume that i y is the income of individual i , y the average income in the population, n the size of the population, and rank the individuals in such a way that Berrebi and Silber (1985) then showed that the Gini index could be expressed as
where
) is the share of individual i in total income. Note that, following Donaldson and Weymark (1980) , (1) may be rewritten as
used to measure any "distributional change" that occurs when a set of "a priori
f is compared with a set of "a posteriori probabilities" i s . Silber (1995) applied this idea to the specific case where the parameter  is equal to 2 (in which case GG I in (4) is equal to the Gini index G I defined in (2) ) to measure distributional change. Deutsch and Silber (2005) extended this approach to derive "normative indices of occupational segregation" while Silber and Weber (2008) The approach taken in the present paper is somehow more akin to that of Ferrer-i- We similarly assumed that the relative deprivation of an individual, which is obviously negatively related to his/her well-being, depends on the comparison of the actual income of the individual with that of his/her reference group, the latter being the income he/she could have expected on the basis of his/her personal characteristics.
Applying expression (8) to such a comparison of predicted and actual income shares could amount in fact to defining a population weighted distributional change measure PW D of relative deprivation with
where i a is defined as previously in (7) We may therefore rewrite (11) as
where the actual incomes 
Expression (12) may also be written as
Borrowing again ideas from Silber (1995) and Silber and Weber (2008) , we may also define an "income weighted deprivation index"
where the weights i b are defined as
and i y and Pi y are sorted in decreasing order of
Using (14) we may define a measure
Such a measure 
If in a given survey we have information on the income of an individual and on his/her individual characteristics as well as answers to a question where the individual is asked to say how satisfied he/she is with her income, we can regress the answers given by the individual to the latter question on the relative deprivation measures We can also compare the results obtained with those one would get when using other measures of individual deprivation. Yitzhaki (1979) proposed to measure the relative deprivation of individual i via the measure
where it is assumed that
More recently Silber and Verme (2010) 
where both 
III) An Empirical Illustration
The purpose of this section is to illustrate the use of the deprivation indices proposed and to test whether these indices capture effectively situations of deprivation as perceived by respondents in household surveys. The theoretical and statistical literature on relative deprivation is rich and diverse in terms of measures of deprivation.
However, the empirical literature has paid very little attention to verifying whether existing indices capture effectively situations of deprivation as perceived by individuals.
Here we can partly fill this gap by using a very comprehensive and little exploited set of European survey data. (SOEP, 1991 (SOEP, -2000 , the British Household Panel Survey (BHPS, 1991 (BHPS, -2000 , the Polish Household Budget Survey (PHBS, 1994 (PHBS, -2000 and the Hungarian Household Budget Survey (HHBS, 1992 (HHBS, -1997 where the independent variables are sex (female), age (continuous), education (dummies for secondary and tertiary education), married (only formally married) and household size (number of household members). These are the variables we thought relevant for individuals when they compare their own income with the income of others.
Evidently, this is a normative choice and these variables may change across countries.
We opted for this particular set of variables because we expected this set to be rather standard across countries and because we wanted to use the same set of variables for the five countries considered so as to compare the performance of the indices across countries. Income satisfaction is measured on a scale from one to five as follows: 1) not at all satisfied; 2) somewhat dissatisfied; 3) neutral; 4) somewhat satisfied; 5) completely satisfied. 5 The sample considered is restricted to individuals with positive incomes who replied to the question on income satisfaction. In Before we test the indices proposed, it may be instructive to look at the time trends of average income satisfaction of the five countries considered during the 1990s ( Figure   1 ). The UK, which is the country that suffered the least the consequences from the transition from socialism to capitalism of Eastern European countries, shows a rather constant increase in income satisfaction, from a score of 3.3 in 1991 to 3.51 in 2000.
West-Germany is the country that shows the highest scores in income satisfaction throughout the period. However, during the first few years of reunification, residents of West-Germany experienced a sharp drop in income satisfaction and only towards the end of the decade values returned closer to the pre-reunification levels. As compared to Western Europe, transition countries including East-Germany show lower average values in income satisfaction. However, it is rather clear that while residents of East 6 Conditioning variables such as age and education should not be used in this equation as we are already controlling for these variables in the construction of the deprivation indicator. 7 Note that regional clusters could not be used because the regional codes were not available for some countries and years.
Germany sharply improved income satisfaction during the 1990s, residents of Poland and Hungary did not. In fact, in both countries, average income satisfaction decreased although we can only observe a shorter period of time as compared to Germany and the UK.
[ Figure 1 ]
Are changes in subjective income satisfaction reflected in changes in income deprivation as measured by the indices proposed? Results for the parametric estimates are presented in four tables where we show coefficients and significance levels of the individual deprivation scores regressed against income satisfaction for each country and year. In Table 1 , we use the population weighted individual deprivation score
with values of the parameter  equal to 2 or 3. In Table 2 , we use the income weighted individual deprivation score IW i d , with again values of the parameter  equal to 2 or 3.
In Table 3 Table 4 , which is based on the income weighted deprivation index, we restrict the sample to panel observations and use fixed effects to gather additional insights on cross-country differences and time trends.
The association between perceived income satisfaction and relative deprivation measured with the population weighted index is clearly negative as expected (Table 1) .
For all countries, with the exception of the UK, coefficients are negative and significant whether we use the inequality aversion parameter alpha equal to two or to three. The zstatistics are fairly large considering that the standard errors are estimated with HuberWhite sandwich estimators. It is also evident that coefficients and significance levels seem to increase as we move from Western to Eastern European countries. Only a few coefficients are significant for the UK and these coefficients are rather low whereas the same coefficients become consistently significant for West-Germany and increasingly so for East-Germany, Poland and Hungary. Considering that West-Germany has also been affected by the transition process due to the reunification process, we could derive that our population weighted index captures well changing feelings of income satisfaction due to deep institutional changes such as the one implied by the transition from socialism to capitalism. This may also explain the low values and significance levels of the coefficients in the UK, the country that has been affected the least by the transition process. In terms of the inequality aversion parameter alpha, we can also argue that a parameter equal to two is better calibrated for capturing changes in income satisfaction than a parameter equal to three.
[ Table 1 ]
Even better results are obtained when using the income weighted index (Table 2) . This index is able to capture well perceived income satisfaction also for the UK, especially with an aversion parameter equal to two. All coefficients in Table 2 are negative and significant and here too we observe that coefficients and significance levels increase as we move from Western to Eastern European countries. There are only three coefficients in the table that are not significant and these are all for the UK when we put alpha equal to three. As for the population weighted index, the income weighted index is better calibrated to capture changes in income satisfaction with an inequality aversion parameter of two rather than three. 8 Unlike the population weighted index, the income weighted index seems to better capture changes in income satisfaction when institutional changes are not so evident.
[ Table 2 ]
As already mentioned, economics and other disciplines have offered a wide range of indices of relative deprivation, few of which have been used in empirical applications and none of which has been tested to see whether effectively captures sentiments of deprivation. In Table 3 , we test the Yitzhaki (1979) relative deprivation index, which is perhaps the most popular relative deprivation index used in economics and the one that originated most of the contributions on the subject. We also test the Silber-Verme (2010) index, which builds on predicted incomes as the generalized indices proposed in this paper.
The Yitzhaki (1979) index performs rather well and better than the population weighted indices of Table 1 but worse than the income weighted indices of Table 2 (Table 3 ). In three of the ten years considered for the UK, the individual deprivation score is nonsignificant. The Silber-Verme (2010) index of relative deprivation is instead always negative and significant for all years and countries considered and its performance is comparable to the income weighted index when alpha is equal to two. This index, together with the income weighted index of Table 2 is the best performing index in terms of correlation with self-reported income satisfaction. As for the indices presented before, the coefficients of the Yitzhaki and Silber-Verme indices seem to increase as we move from Western to Eastern European countries.
[ Table 3 ]
As a final test, we reduce the sample to balanced observations and use only the panel components of the surveys. This can be done for the UK, Germany (West and East) and
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Hungary but not for Poland where we do not have a panel for the full period. We estimated first an ordered logit model on the pooled sample including all the countries but using country and year fixed effects. We then estimated ordered logit models for each country separately with year fixed effects. For this exercise we use only the income weighted index, the index that performed better in the previous applications.
Results are presented in Table 4 .
The coefficients of the deprivation score are all negative and significant at the 1% level.
The pooled sample equation shows that there is a significant difference across countries but does not show any consistent trend across years although the coefficients for years are always negative and significant. Subjective income satisfaction and our relative deprivation measure are always negatively correlated but the strength of this correlation does not show a particular trend over time when countries are considered together.
Time trends become clearer when we discriminate across countries. In Hungary the coefficients of the year are significant only in two years while in the UK these coefficients are significant during the latest period 1997-2000 but not before. Instead in Germany, both East and West, the coefficients of the year are always significant and they tend to increase along the period. These results could be interpreted in terms of speed of institutional changes. In Hungary the process of transition has been rather slow as compared to East Germany while the UK did not experience institutional changes comparable to those occurred in Eastern Europe. Instead, both West and East Germany went through major institutional changes with the process of reunification that resulted in important swings in incomes, in the subjective satisfaction with income and also in the selection of the reference group. The German reunification is likely to have changed the reference group for individuals and one of the key novelties of our relative deprivation measures is precisely the inclusion in these measures of a self-selection mechanism of the reference group.
[ Table 4 ]
Finally, we carry out a few tests to check on the implications of some of the empirical choices made and to check the sensitivity of results. 9 In Table 5 , we replicated the model and equations used in Table 1 , estimating in addition bootstrapped standard errors (columns 3 and 7), the R squared of the prediction equations of the first-step (columns 4 and 8) and adding to the model labor market variables (employed and selfemployed with non-employed as base category -"Extended model"). Bootstrapped standard errors were estimated replicating 100-times the two-steps model to take into account the variance of both the first and second-step equation.
With a few exceptions, results show that bootstrap estimations of the standard error make little difference to inference in the base model while they make a larger difference in the extended model. The R squared of the first-step equation is also higher as one would expect in the extended model where we added the labor market variables.
Inference is evidently affected by the specification of the first-step equation. As the explanatory power of the first-step equation increases, the variance of the predicted values also increases and this is likely to increase the variance of our relative deprivation measures which are constructed with predicted values. As a consequence, the estimation of the coefficients in the second-step equation may benefit from more variance but the true standard error may become more difficult to estimate. Therefore, the key choice of the model proposed is the one of the regressors in the first-step equation. The choice must include those variables that are widely recognized to be those used by people to select their peers (the reference group) and they must be limited to those variables. The objective is not to maximize the R squared of the first-step equation 20 but to estimate the true distance between actual and expected incomes that best measures the individual sense of deprivation.
IV) Concluding Comments
This paper proposed two new indices of relative deprivation, derived from an extension of the concept of generalized Gini, originally proposed by Donaldson and Weymark (1980) , to the measurement of distributional change. The idea was to consider the predicted income share of an individual, obtained from a regression of his income on his personal characteristics, as an "a priori" share and his actual income as an "a posteriori"
share. Using such an approach we defined population-as well as income-weighted relative deprivation indices. Using panel data from the Consortium of Household Panels for European Socio-Economic Research (CHER), we then checked which of these various ways of defining individual deprivation best fitted the answers given by individuals on the degree of their satisfaction with income.
We first concluded that the generalized formulation of the deprivation indices studied in this paper performs better when the parameter  is equal to 2 (the case of the traditional Gini index) than when it is equal to 3. A deprivation aversion parameter of "two" seems to be better calibrated for capturing self-reported feelings of satisfaction.
Then we concluded that the income weighted indices perform better than the population weighted indices. This would suggest that both income and rank are important for people but that absolute incomes are relatively more important than rank. Third we observed that indices that make use of predicted incomes are better than those that use income alone. The Silber-Verme (2010) index seems thus better than the Yitzhaki 
